Awadh, S.M., 2014. Sta ble car bon and ni tro gen iso topes and el e men tal com po si tion and or i gin of or ganic mat ter from the Neo gene Eu phra tes, Injana and Dibdibba for ma tions in Iraq: dis crim i na tion be tween ma rine and ter res trial en vi ron ments. Geo log i cal Quar terly, 58 (4): 729-736, doi: 10.7306/gq.1174 Three Neo gene sed i men tary for ma tions re flect ing dif fer ent depositional en vi ron ments have been in ves ti gated for the purpose of di ag nos ing the iso to pic source of the sed i men tary or ganic mat ter and their palaeoenvironmental sig nif i cance in discrim i nat ing be tween ma rine and ter res trial en vi ron ments. One of these for ma tions is com posed of car bon ate and marl of a shal low-ma rine en vi ron ment (Eu phra tes For ma tion), and the other for ma tions are com posed of a clastic ter res trial (fluviatile) de pos its with some dif fer ences in the depositional con di tions (Injana and Dibdibba for ma tions). The iso to pic d 13 C%, d 15 N% val ues, or ganic car bon (OC) and to tal ni tro gen con tents, and atomic C/N ra tios are used as ev i dence of depositional en vi ronment. Av er age d 13 C val ues (in ‰) for the Dibdiba, Injana and Eu phra tes for ma tions are -25.4, -25.7 and -24.5, re spec tively; av er age d 15 N val ues (in ‰) are 4.44, 5.24 and 7.24 and av er age OC (in wt.%) is 0.13, 0.3 and 1.1, re spec tively. A sig nif i cant vari a tion in the sta ble car bon and ni tro gen iso tope com po si tions be tween flu vial and ma rine de pos its was re corded. The
INTRODUCTION
Or ganic mat ter (OM) is pres ent in all ma rine, con ti nen tal and aquatic en vi ron ments. Al though con ti nen tal mar gins ac count for only 10% of the to tal ocean area, more than 90% of all or ganic car bon burial oc curs in sed i ments de pos it ing on del tas, con ti nental shelves, and up per con ti nen tal slopes (Berner and Can field, 1989) . The or i gin of OM can be very dif fer ent de riv ing var i ously from de com po si tion of land plants, man groves, macrophytes, algae, phytoplankton, zoo plank ton, bac te ria and archaea (Burdige, 2007) . Sta ble iso tope car bon and ni tro gen com po si tion have been used to trace path ways of or ganic mat ter among consum ers in the dif fer ent en vi ron ments (Pe ter son and Howarth, 1987; Hesslein et al., 1992) . OM im por tant biomarker compounds may be lost due to ex ten sive diagenetic pro cesses, but the C/N atomic ra tio and the d 13 C value ap pear to un dergo lit tle change dur ing diagenesis (Meyers, 1994) . In phytoplankton, carbon and ni tro gen iso topes vary spa tially and tem po rally ac cording to en vi ron men tal con di tions (Wada, 1980; Takahashi et al., 1990) . The d 13 C of plants is char ac ter ized ac cord ing to CO 2 assim i la tion sys tems re flect ing C3-plants and C4-plants. The d 13 C be comes high in an aquatic en vi ron ment where CO 2 dif fu sion is re stricted (Swee ney et al., 1978; Wada et al., 1987) . The d 15 N is closely cor re lated with forms of ni tro gen as well as or ganic growth rates (Wada, 1980) . C/N atomic ra tios have of ten been used to dis tin guish be tween al gal and land-plant or i gins of sed i mentary or ganic mat ter (Prahl et al., 1980; Premuzic et al., 1982; Jasper and Gagosian, 1993) . Car bon iso to pic ra tios are use ful to dis tin guish be tween ma rine and con ti nen tal plant sources of sedi men tary or ganic mat ter and to iden tify or ganic mat ter from dif ferent types of land plants (Meyers, 1994) . The or ganic C/N atomic ratios serve as use ful in di ca tors in elu ci dat ing the source of sed iment or ganic mat ter (An drews et al.,1998; Mul ler and Voss, 1999; Maksymowska et al., 2000) . The source, depositional envi ron ment and palaeoenvironment of the Neo gene Eu phra tes, Injana and Dibdibba for ma tions in Iraq have been stud ied by many re search ers (Al-Rawi and Sadik, 1981; Al-Dabbas et al., 2013) . These stud ies pro vided con clu sions about the depositional en vi ron ment that broadly concided but were not iden ti cal. Ac cord ingly, this is sue from the geo chem ists point of view re mains a ques tion to be solved. In this pa per three sed imen tary for ma tions (Eu phra tes, Injana and Dibdibba for ma tions) at Anah and Karbala ar eas of Neo gene age were stud ied (Fig. 1 ). This pa per uses or ganic C and N com po si tions in sed i mentary strata for dis crim i nat ing be tween ma rine to ter res trial en viron ments. It is the first work on d 13 C and d 15 N, or ganic C, organic N and C/N val ues in the sed i men tary for ma tions of Iraq, as a con tri bu tion to in ter pret ing the or ganic mat ter or i gin and type in the rock suc ces sion of the re gion.
LITHOSTRATIGRAPHY AND DEPOSITIONAL ENVIRONMENT
The suc ces sive for ma tions from the Lower Mio cene to the Plio cene-Pleis to cene are il lus trated in Fig ure 1 . The Eu phra tes For ma tion, re flect ing its wide dis tri bu tion and rel a tively long strati graphic range (all of the Early Mio cene) was de pos ited in var i ous con di tions. It is com posed at the type lo cal ity of shelly, chalky, well-bed ded recrystallized lime stones (Bellen et al., 1959) , and has di verse li thol ogy and fauna as sem blages (Al-Hashimi and Amer, 1985) in the Karbala-Najaf re gion, and in the South ern Desert of Iraq (Al-Bassam, 1984) . The age of this for ma tion was sug gested as the Early Mio cene (Bellen et al., 1959; Prazak, 1974) , and as late Early Mio cene to early Mid dle Mio cene (Cytroky and Karim, 1971a; Jassim and Karim, 1984; Al-Ghreri, 1985; Gayara and Taha, 1989) . The Eu phrates For ma tion is equiv a lent in age and li thol ogy to the Hadrukh For ma tion of Saudi Ara bia, and the Ghar For ma tion of Ku wait (Mukhopadhyay et al., 1995) . The Eu phra tes For ma tion rep resents de po si tion on a slowly sub sid ing ma rine shelf with an open to slightly re stricted set ting (Gayara and Taha, 1989) . Its depositional en vi ron ment in gen eral is ma rine, warm trop i cal to sub trop i cal; in cen tral and north ern Iraq, was de pos ited in a shal low-ma rine en vi ron ment (Youkhanna, 1971) . The Eu phrates For ma tion in the West ern Desert rep re sent a shal low-marine en vi ron ment, and in the mid dle and north of Iraq it re flects shal low-ma rine, reef and la goonal con di tions (Buday, 1980) . The shore line likely was near to Najaf in cen tral Iraq rather than to Baghdadi in the west (Al-Dabbas et al., 2013) . Al-Juboury (2009) sug gested the der i va tion of the Injana For ma tion from nearby sources with con tri bu tions from ig ne ous, meta mor phic, and sed i men tary prov e nance mainly in the high lands in the north east ern parts of Iraq which com pris ing mainly the Zagros Moun tains and older sed i men tary rocks. The source of Injana For ma tion is the high land in north ern and north east ern Iraq. The depositional en vi ron ment of this for ma tion is vari able: an ini tially la goonal, then chang ing to a fluviolacustrine sys tem (Buday and Jassim, 1987) . It is widely ex posed along cliffs in the north, mid dle and south of Iraq (Hassan et al., 2002) , though ab sent of south wards, in the Basra area of Iraq, Saudi Ara bia and Ku wait (Mukhopadhyay et al., 1995) . Be cause the Dibdibba For ma tion is one of the youn gest for ma tions in Iraq, it has al most no subsurface dis tri bu tion. The Dibdibba For mation, in the type lo cal ity, mainly con sists of sand stone and gravel de rived from ig ne ous rocks, in clud ing pink gran ite, doler ites to -gether with white quartz; not in fre quently the rock is strongly cemented. The Dibdibba For ma tion, in the type lo cal ity, is un derlain con form ably by the Fatha For ma tion (Bellen et al., 1959) . In the mid dle of Iraq, the Dibdibba For ma tion is un der lain un conform ably by the Injana For ma tion. Its base is at the first ap pearance of sand stone or peb bly sand stone (Hassan et al., 2002) . It is also rec og nized in Ku wait. In Saudi Ara bia sim i lar fa cies are in cluded within the Hofuf For ma tion and partly in the Kharj Forma tion (Pow ers et al., 1966) . The Dibdibba For ma tion rep resents ex ten sive flu vial sed i men ta tion prob a bly as large old al luvial fans; it seems that at least two such fans may have been pres ent (Jassim and Goff, 2006; cf. Al-Rawi and Sadik, 1981; Al-Ankaz, 2012; Awadh et al., 2013) .
MATERIALS AND METHODS STUDY AREA AND SAMPLING
Sam pling was per formed in two sites lo cated in Anah and Karbala within the Sta ble Shelf on the east ern edge of the West ern Desert (Fig. 1 ). Twenty six sam ples were col lected from three dif fer ent geo log i cal for ma tions rang ing in age from Early Mio cene to Plio cene-Pleis to cene. Sam pling sites, li thology de scrip tion, for ma tion thick nesses and their ages are shown in Fig ure 1 . Six sam ples were col lected from a sec tion ex pos ing shal low-wa ter lime stone in the Eu phra tes For ma tion near the type lo cal ity (Anah) in the west ern part of Iraq. Twenty clastic sam ples were col lected from an ac ces si ble sec tion of the Injana and Dibdibba for ma tions in cen tral Iraq, near Karballa (ten sam ples from each for ma tion).
STABLE ISOTOPE ANALYSIS
All sam ples were shipped and later an a lysed at the Sta ble Iso tope Lab o ra tory of the Uni ver sity of Mis souri in Kan sas City (USA). A small por tion of each sam ple was used to de ter mine the el e men tal and sta ble iso tope com po si tions of bulk sam ple or ganic ma te rial. Sam ples were pow dered and ho mog e nized. For de ter min ing iso topes, OC and TN, car bon ates were removed by treat ing sam ples with 4N HCl. Sub se quently, samples were rinsed with deionized wa ter to re move salts and then dried. The car bon ate-free sam ples were then an a lysed for weight per cent OC and TN on a Vario EL-III el e men tal an a lyzer. Du pli cate anal y ses of each sam ple were run, and the mean of the two mea sure ments is re ported here. Rep li cate anal y sis of one sam ple (n = 5) gave a 1s pre ci sion of ±0.02 wt.% C and ±0.003 wt.% TN. Iso tope ra tios were ex pressed as parts per thou sand (‰) dif fer ences from a stan dard ref er ence ma te rial: N to be mea sured si mul ta neously. The stan dard de vi a tion of iso topic de ter mi na tion (C and N) was less than 0.2‰, es ti mated from in ter nal stan dards ana lysed along with the sam ples. The cal i bra tion and as sess ment of the reproducibility and ac cu racy of the iso to pic anal y sis were based on rep li cate anal y ses of labo ra tory stan dard ma te ri als and in ter na tional ref er ence ma te rials. Reproducibility based on trip li cate anal y ses of the sam ple was ±0.2‰ for d 
RESULTS
The C/N atomic val ues in the Eu phra tes For ma tion vary between 7.6 and 12.1 with an av er age of 9.0; in the Injana For mation ranges from 28 to 50 with an av er age of 37; and it var ies between 40 and 63.6 with an av er age of 50.6 in the Dibdibba Forma tion (Ta ble 1). Vari a tions in d The car bon and ni tro gen con tents re flect li thol ogy and grain size. Low con tents of OC and TN were found within the fine fraction, but the coarse frac tion con tains fairly high amounts or ganic mat ter. This might be re lated to per me abil ity. The ranges and aver ages of d 13 C showed strati graphic vari a tion: the clays, silty clays and sands of the Injana For ma tion gave -28.0 to -23.3‰ (-25.7‰); the silt, sand and peb bly sand of the Dibdibba For mation gave -22.2 to -28.1% (-25.4‰). These val ues were slightly lower than those of the lime stones, dolomitic and marly limestones of the Eu phra tes For ma tion which un der lies the Injana For ma tion which gave -25.8 to -23.6‰ (-24.5‰). The or ganic mat ter from ma rine and con ti nen tal sources ranged be tween -25.5 and -21.5‰ (Prahl et al., 1994) . The coarse frac tion (pebbly me dium to coarse sands of the Dibdibba For ma tion) had the low est val ues of d In the car bon ates of the Eu phra tes For ma tion, the d
13
C varies from -25.8 to -23.7‰ with an av er age of -24.5‰, while for d 15 N val ues were 5.22 to 7.85‰ with an av er age of 7.24‰. Varia tion in the con tent of or ganic mat ter is very slight (Fig. 2) . There is a rel a tive ho mo ge ne ity of d This sug gests dif fer ence in or ganic con tent (C and N) based on li thol ogy, where OC and TN are high in sam ple 21E (marly limestone), and low in sam ple 25E (dolomitic marly lime stone). Dolomitization may hence af fect or ganic pres er va tion (Ta ble 1). Car bon ates of the Eu phra tes For ma tion show lit tle dif fer en ti a tion of its con tent of or ganic mat ter in com par i son to the clastic ma teri als of the Dibdibba and Injana for ma tions. Prob a bly, this is a signal of the qual ity of or ganic mat ter pres er va tion in ma rine as opposed to ter res trial con di tions.
INTERPRETATION AND DISCUSSION
Al gae are a com mon source of or ganic mat ter in ma rine and lac us trine, whereas plants are dom i nant in ter res trial en vi ron -ments. Ma rine and lac us trine al gae show a lim ited val ues of C/N by com par i son with land plants. Hence ter res trial and marine en vi ron ments can be dis tin guished based on C/N and d 13 C val ues in or ganic mat ter.
The d
C, d
15 N, OC, TN, and C/N atomic val ues of sed i ments are ex pected to be mod i fied dur ing sub se quent early diagenesis, but the C/N source sig nal ap pears to be pre served, and, in sub aque ous sed i ments. Dur ing ver ti cal sink ing, dead phytoplankton, zoo plank ton bio mass, and fe cal pel lets may undergo sub stan tial. While a re frac tory back ground frac tion of organic re mains rel a tively sta ble in con cen tra tion with depth (Eadie et al., 1984) .
Or ganic mat ter has been well-pre served within car bon ates of the Eu phra tes For ma tion with lit tle vari a tion due to the quiet and non-tur bu lent en vi ron ment. Though OC and TN were affected in the dolomitized sam ple. Or ganic mat ter has been preserved within the Injana and Dibdibba for ma tions with high varia tion due to fluc tu a tion of sed i men tary con di tions and in the amount of sup ply of or ganic mat ter from the land. Dur ing diagenesis, sed i ment may pre serve source in for ma tion in the C/N and d 13 C val ues. De spite the ex ten sive early diagenetic losses of or ganic mat ter, the C/N ra tio and the d 13 C ap pear to un dergo lit tle change (Meyers, 1994) , and mass or ganic mat ter sta bi li za tion by ad sorp tion (Tiessen et al., 1984) . The av er age of C/N atomic ra tios in the Eu phra tes For ma tion is much less than those in the Injana and Dibdibba for ma tions (Fig. 2) . This vari a tion is due to the ab sence of cel lu lose in algae and its abun dance in vas cu lar plants, while al gae are dom inant in the ma rine en vi ron ment, and vas cu lar plants are common in the con ti nen tal en vi ron ment. C/N atomic val ues rang ing be tween 30 and 40 in vas cu lar plant de bris have been iso lated from coastal ma rine sed i ments, while be ing char ac ter is tic of cel lu losic plants (Ertel and Hedges, 1985) . Lignin and cel lu lose are good trac ers for vas cu lar land-plant bio mass (Heaton, 1999) . A high value of the C/Natomic ra tio (>3 0) char ac ter izes vas cu lar plant de bris (Hedges and Mann, 1979) , and sed i ments en riched in vas cu lar plant re mains and there fore they con tain C/N atomic value greater than 30 (Keil et al., 1994 (Keil et al., , 1998 . The depos its on off shore slope and ba sin ma rine have yielded av erage C/N val ues be tween 9 and 11 (Prahl et al., 1994) .
The low con cen tra tion of ni tro gen is the most im por tant char ac ter is tic of the depositional en vi ron ment of the Injana and Dibdibba for ma tions, con trast ing with the con di tions of the Euphra tes depositional en vi ron ment. The amount of OC and TN in the Eu phra tes For ma tion ap pears higher than those in the Injana and Dibdibba for ma tions, but the low est ra tio of C/N was re corded in the Eu phra tes For ma tion (Ta ble 1 and Fig. 2) . Variabil ity in C/N val ues may re flect changes in the pro por tions of dif fer ent types and amounts of ma rine al gae. A very dis tinct vari a tion in av er ages of C/N ra tios in the Eu phra tes For ma tion (9), The Injana For ma tion (37) and Dibddiba For ma tion (50.6) pro vides with con vinc ing en vi ron men tal ev i dence.
The palaeoenvironment of the Injana and Dibdibba for mations may have in volved thriv ing land plants, but a com bi na tion of ero sion, slow burial and slow sed i men ta tion rates con trib uted to the loss of a large por tion of the or ganic mat ter. Car bon iso topic val ues are sim i lar in the Injana and Dibdibba for ma tions, and dif fer from that of the Euphrates Formation C/N ra tios, and d
C and d

15
N val ues have been widely used as ef fec tive mark ers to es ti mate the rel a tive pro por tions of terrigenous and ma rine or ganic mat ter in coastal and mar ginal sed i ments (Meyers, 1997; Naidu et al., 2000; Stein and Macdon ald, 2004) . River net works of tightly linked with the landscape played an es sen tial role in trans port ing and de pos it ing sed i ment of the Injana and Dibdibba for ma tions, with land plants sup ply ing the or ganic mat ter. While al gae left a clear imprint in the sed i ments of the Eu phra tes For ma tion in di cat ing a shal low-ma rine de po si tion en vi ron ment. Spa tial vari a tion in sed i ment C/N, d
C and d
15
N was rec og nized. It is gen er ally assumed that land plants and ma rine al gae have dif fer ent or ganic C/N atomic ra tios; cel lu lose-and lignin-rich vas cu lar land plants have higher C/N atomic ra tios (>15), whereas ma rine pro tein-rich al gae have lower C/N atomic ra tios (<6) (Hu et al., 2006) . Therefore, the in creas ing trend in C/N from the bot tom to the top (Fig. 2) is at trib uted to the ma rine re gres sion, this be ing very clear in sam ples 21E to 26E from the Eu phra tes For ma tion which were de pos ited in a shal low-ma rine en vi ron ment, but sam ples 1D to 10D and 11-I to 20-I with high C/N ra tios re flect land plants in put and even tu ally in di cate that the Injana and Dibdibba for ma tions are of con ti nen tal or i gin de pos ited in a fluviatile en vi ron ment.
Ter res trial or ganic mat ter is of ten de pleted in d 15 N (3 to 6‰ with an av er age of 4.8‰ rel a tive to ma rine ni tro gen; Sigman et al., 2000) and aquatic en vi ron ments can typ i cally main tain a higher d 15 N value than ter res trial en vi ron ments (Petersen and Fry, 1987) . The av er age d 15 N of all plant ma te ri als in the la goon was 8.6 ± 3.6‰ (av er age ± SD, n = 7; Wada et al., 1993) . The or i gin of or ganic mat ter in sed i ments can be di ag nosed us ing sta ble car bon and ni tro gen iso topes fol low ing Meyers (1994) who rec og nized four dis tinc tive suites in plants.
The re la tion ship be tween d
13
C and C/N val ues in di cates that the Injana and Dibdibba sed i ments oc cu pied the iso to pic ends of the known range for C3-ter res trial plants, the av er age of which sug gested by Meyers (1994) ranges ap prox i mately between -27 to -22‰, while most of the Eu phra tes sam ples fell into the field that in di cates a ma rine al gal source with the ex ception of one sam ple which fell into the lac us trine field and other sam ple out side the fields that in di cate re work ing pro cesses (Fig. 3) . CAM plants made an in sig nif i cant con tri bu tion to the for mations stud ied be cause their pro duc tion of or ganic de bris is very small or non-ex is tent by com par i son to C3 and C4 plants, which de posit large amounts of leaf, branches, wood, and roots. However, CAM plants have the po ten tial to be im por tant sources of or ganic mat ter in spe cial ized en vi ron ments where they may be the dom i nant form of veg e ta tion. CAM plants are those which uti lize the Crassulacean acid me tab o lism as an ad ap ta tion to arid con di tions. How ever, the sed i men tary en vi ron ment of the Eu phra tes For ma tion is ma rine; the Dibdibba and Injana for mations are fluviatile, and the cli mate dur ing sed i men ta tion (Miocene and Pleis to cene) sug gests a rar ity of CAM. Fig ure 3 clearly il lus trates that C3 land plants were a source of or ganic mat ter in Injana and Dibdibba for ma tions, whereas ma rine algae were a source for the Eu phra tes For ma tion.
CONCLUSIONS
Sta ble car bon and ni tro gen iso tope sig na tures in or ganic mat ter in sed i ments rep re sent a com mon proxy for dis crim i nating be tween depositional en vi ron ments. These sta ble iso tope com po si tions along with the to tal or ganic car bon and to tal organic ni tro gen ex ist in dif fer ent ra tios in di cat ing dif fer ent or ganic mat ter or i gin. The dis tri bu tions of d 13 C, d 15 N, TOC, TN in the Injana and Dibdibba for ma tions are broadly sim i lar, but they differ from those of the Eu phra tes For ma tion. The high C/N contents and de pleted or ganic N val ues in the Injana and Dibdibba for ma tions in di cate higher ter res trial par tic u late or ganic mat ter con tent. The d 13 C val ues of the Eu phra tes de pos its (-25.8 to -23.7‰) with en riched or ganic N in di cate that the sed i men tary or ganic mat ter is de rived from ma rine al gae. An in crease in organic car bon in the Eu phra tes For ma tion may be due to a partial con tri bu tion from ter res trial plants sug gest ing a shallow-depositional en vi ron ment. The sed i ments of the Dibdibba For ma tion in south ern Iraq and Ku wait, and of the Hofuf For mation in Saudi Ara bia were mainly sup plied from an up lifted sta ble shelf where land plants were com mon. De spite the Injana and Dibdibba for ma tions be ing de pos ited in a fluviatile en vi ron ment, vari a tions in d Ac knowl edge ments. The au thor is grate ful to Dr. Kh.A. Al-Ani who per formed the sta ble iso tope anal y ses at the Isotopes Lab o ra tory of the Uni ver sity of Mis souri, Kan sas City (USA) along with the sta ble iso tope spe cial ist team in the ALS Chemex-Global Lab o ra to ries. Also I would like to thank M. Al-Dabbas, M.J. Kotarba, an anon y mous re viewer and the ed i tor T.M. Peryt for their sci en tific com ments and ad vice which im proved the manu script.
